A best evidence topic in cardiac surgery was written according to a structured protocol. The question addressed was whether dialysisdependent patients with upper limb arterio-venous fistulae (AVFs) undergoing coronary artery bypass grafting should avoid having ipsilateral in situ internal mammary artery (IMA) grafts. A literature search performed yielded 28 peer reviewed articles, of which 21 represented the best evidence to answer the clinical question. The authors, journal, date and country of publication, patient group studied, study type, relevant outcomes and results of these papers are tabulated. The papers identified included 478 patients, of whom 219 had in situ IMA grafts with ipsilateral upper limb arterio-venous fistulae. There was a substantial variation between the papers, from single case reports to small retrospective cohort studies, but no randomized, controlled trials. The largest retrospective study included 155 patients and followed up for up to 5 years. Methods used to determine coronary steal included clinical assessment, electrocardiogram or echocardiographic changes, Doppler ultrasound of mammary arteries and angiography. The aggregate evidence suggested that 61 of the 219 patients with ipsilateral IMA grafts developed some clinical or physiological evidence of malperfusion during the use of the AVFs for dialysis. Comparisons with the contralateral IMA suggested that 27 of the 61 patients suffered similar problems when dialysis was applied. A number of studies used controls, including in situ right internal mammary artery (RIMA) flow and patients not on dialysis. In total, 32 patients had their in situ RIMA flow measurements studied, of which none showed any statistically significant flow alteration. While further strong evidence to demonstrate long-term outcomes is required, we recommend the avoidance, where possible, of ipsilateral in situ IMA grafts in patients with an upper limb AVF. There is sufficient experimental and anecdotal evidence to suggest that steal occurs and that in some patients, this has clinical implications on both morbidity and mortality. In this scenario, the use of the contralateral mammary is strongly advocated to maximize the patency of grafts in an already high-risk population.
INTRODUCTION
A best evidence topic was constructed according to a structured protocol. This is fully described in the ICVTS [1] . 
THREE-PART QUESTION

CLINICAL SCENARIO
A patient with end-stage kidney disease is admitted for elective coronary artery bypass grafting (CABG). He has a left arm arteriovenous fistulae (AVF) in place for long-term dialysis. You know that the left internal mammary artery (LIMA) is an important conduit for longevity, but have also heard of patients developing angina on dialysis as steal from the subclavian may cause reduced mammary flow. You considered whether an in situ LIMA to the left anterior descending (LAD) coronary artery will prolong his life or shorten it. The search was limited to human studies involving adults, published in English. Following this initial search strategy, further references and citations were sought using additional search terms, including 'ipsilateral', 'coronary artery bypass grafting' and 'arteriovenous fistula'. 
SEARCH STRATEGY
Medline
Continued
SEARCH OUTCOME
Seventeen papers were found using the reported search. From these, 21 papers were identified that provided the best evidence to answer the question, with an additional 4 papers found during hand-searching. These are presented in Table 1 .
RESULTS
Several case reports describe coronary steal during haemodialysis (HD) in patients who have had LIMA to LAD CABG with a preexisting ipsilateral upper limb AVF for HD [4, 5, 9, 10, 12, 17] . Crowley was the first to report hypotension in the subclavian artery (SCA) when the AVF was open that improved on occlusion of the shunt. However, the patient's angina during HD resolved following percutaneous coronary intervention (PCI) to an LAD stenosis. Three others found that coronary steal causing angina during HD was secondary to SCA stenosis and resolved completely following treatment of the SCA stenosis. Kato et al. [10] describe retrograde flow in a unharvested LIMA at pre-CABG angiography. The patient had no SCA stenosis. The authors grafted the right internal mammary artery (RIMA) to the LAD and performed postoperative angiography, which showed that the coronary steal resolved in the LIMA when the fistula was occluded; they did not comment on RIMA-LAD flow under the same conditions. Pai and Kolvekar [12] describe a patient with a left upper limb AVF and LIMA-LAD graft who had angina with ischaemic anterior electrocardiographic changes during HD. Angiography showed patent grafts, and the patient's symptoms were successfully managed by utilising shorter and more frequent HD sessions.
A number of small, retrospective cohort studies compare flow in the LIMA using Doppler ultrasound at different stages of HD [6, 7, [14] [15] [16] . Kinoshita et al. compared flow in a cohort of 5 patients in whom the LIMA had been anastomosed as a skeletonized in situ graft to the LAD. Comparisons were made with the pump both on and off, and there were no symptoms, hypotension or arrhythmia throughout despite a significant mean reduction in flow from 118 to 73 ml/min in the LIMA. By comparison, the nonharvested RIMA saw an increase in flow from 60 to 68 ml/min on starting HD [6] .
Gaudino et al. also studied a cohort of 5 patients with LIMA-LAD and ipsilateral upper limb fistulae and found statistically significant differences in LIMA flow. Quoting time average mean velocity (TAMV) as a surrogate rather than as a calculated flow, they found that LIMA TAMV fell from 0.24 to 0.13 m/s (P < 0.01) when HD began, whereas the RIMA TAMV change was nonsignificant from 0.19 to 0.18 m/s. The difference between RIMA and LIMA TAMV during HD was also statistically significant [14] . All the 5 participants exhibited anterior wall hypokinesia and 3 experienced angina during HD. Neither study included long-term follow-up.
Two large studies of similar design did not show any difference in LIMA flow during HD [7, 15] . Rahbar et al. compared ultrasound Doppler flow in the LIMA of 15 dialysed patients who had not undergone cardiac surgery and compared this with RIMA flow. They demonstrated no significant differences between the two sides, nor between phases of HD [7] . Coskun et al. studied 22 patients with existing LIMA-LAD anastomoses and left upper limb fistulae. The mean change in flow in the LIMA at starting HD was nonsignificant from 30 to 40 ml/min. The RIMA flow was also found to be unchanged during phases of HD, but 3 of the patients had ventricular wall hypokinesia, ischaemic electrocardiogram (ECG) changes and angina during HD [15] . Neither study included any long-term follow-up.
One paper examining long-term results followed up patients for a median of nearly 5 years. Takami et al. studied a cohort of 155 patients with LIMA or RIMA to LAD grafts, 108 with an ipsilateral AVF and 47 with a contralateral AVF. There is disproportion in the use of RIMA-LAD grafts between groups; 6% use in the ipsilateral group compared with 55% in the contralateral group. There was no statistically significant difference in early, mid-term (3-year) or long-term (5-year) outcomes [16] . 
CLINICAL BOTTOM LINE
A number of small experimental and case studies have demonstrated reduced IMA flow during HD, with regional wall hypokinesia, ischaemic ECG changes and symptoms in some patients. The presence of SCA stenosis can further exacerbate this. Takami et al. followed up patients the longest for 5 years and although this found no statistically significant difference in early or mid-term outcomes, bilateral IMA (BIMA) grafts were included in the study, making interpretation of single ipsilateral graft outcomes difficult. Whether this sub-clinical ischaemia has detrimental long-term effects, therefore, is not known. A study that compares ipsilateral and contralateral IMA/AVF in long-term HD patients is needed, in which BIMA grafting is excluded and which includes long-term follow-up assessing survival and cardiac morbidity. On the strength of the present evidence, however, in HD-dependent patients with upper limb AVF requiring CABG, the IMA ipsilateral to the fistula should be avoided.
